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To rniainnlztt the i n i t i a l  C Q S L  of the proposed facility, eheir 
existing bai lding is utilized with a ~~~~~~~ number of ~ ~ i ~ i c ~ ~ ~ ~ ~ ~ ,  
and exist ing equipmeink is incorporated into the dcxign. For the  pu 
pose sf purchasing aew equipment, a l ist  of ~ ~ c Q ~ n d ~ a  equipment is 
included for 81 major areas. The design inc ludes  the equipuent 
arrangement, building oiodificatisns, manpower K ~ ~ ~ ~ ~ ~ ~ n ~ ~ ,  and a 
scErpu1e for 1 ~ ~ o ~ ~ ~ ~ ~ y  d@velogmnt. 
X 
f a c i l i t y .  The processing capab i l i t y  t h a t  is e s s e n t i a l  t o  the proper 
operat ion of the laboratory is shown i n  the process flow diagram, 
Fig. 1-2. 
from e x i s t i n g  in-house c a p a b i l i t i e s  such a s  the Glass Fabrication, Vacu- 
The laboratory w i l l  a l s o  u t i l i z e  a l imited amount of support 
um, Wcrophotography, and Hybrid C i r c u i t s  f a c i l i t i e s .  The in tegra ted  
c i r c u i t  laboratory is t o  be p a r a l l e l  to the e x i s t i n g  hybrid c i r c u i t  fa-  
c i l i t y .  This approach w i l l  provide optimum use of ava i lab le  resources.  
As a r e s u l t  of our evaluat ion of the  bui ld ing  and ava i l ab le  
f l o o r  space f o r  a n  in tegra ted  c i r c u i t  laboratory,  the  following recom- 
mendations are made. Room 215 i s  to  be used f o r  c i r c u i t  t e s t ing ,  encap- 
su la t ion ,  mask generat ion and artwork generation. 
used f o r  photo engraving, ox ida t ion  and d i f fus ion ,  and general  chemical 
Room 215B is to be 
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are evaluated separa te ly ,  and the  eva lua t ion  conta ins  a genera l  review 
of the  processes  involved, equipment recommendations, equipment locat ion,  
and necessary bui ld ing  modif icat ions.  I n  the  s e l e c t i o n  of equipment, 
the  equipment w i l l  be evaluated with r e spec t  to  i ts  func t iona l  criteria, 
ease of operat ion,  r e l i a b i l i t y ,  and cost. 
Chapter 6 is a review of s p e c i a l  problem areas and bui ld ing  
modif icat ions.  Chapter 7 is a summary of the  e n t i r e  laboratory design. 
2.1 General Maskmaking Systems 
The systems present ly  ava i l ab le  f o r  photomask generat ion vary 
i n  complexity from the  simple f l y ’ s  eye camera system to  systems 
u t i l i z i n g  compute aided design. For the  maskmaking f a c i l i t i e s  a t  
the  Ames Research C e n t e r ,  the  th ree  methods t h a t  w i l l  be considered are 
mask generat ion by an outs ide  company, mask generat ion by a fly’ei eye 
camera, and mask generat ion by a s t e p  and repea t  camera. 
o f f e r  t he  most f e a s i b l e  methods of mask generat ion €or  the s ize  of the  
laboratory.  There are systems of g r e a t e r  complexity ava i lab le ,  but  
t h e i r  c o s t  is considered prohib i t ive .  
the three  bas i c  systems. 
These methods 
Figure 2-1 is  a flow diagram of 
Throughout the e n t i r e  process of mask generation, i t  is neces- 
s a ry  t o  insure  t h a t  the  dimensional e r r o r s  do not  exceed the  maximum 
to le rances  allowed i n  the  f i n a l  image. The three  major sources  of 
e r r o r  are o r i g i n a l  artwork, image reduction, and s t e p  end repea t  error. 
Common to a l l  th ree  systems is the generat ion of artwork. After  a c i r -  
c u i t  has been designed and the  geometrical  c i r c u i t  design l a i d  out, the  
artwork is c u t  on a c o o r ~ ~ ~ a ~ o g ~ a ~ ~  and used as the  i n i t i a l  pa t t e rn  f o r  
the  mask generation. 
The eva lua t ion  of equipment used i n  mask generat ion i s  based on 
the ana lys i s  of e r r o r s  given i n  Appendix A. 
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The e x i s t i n g  reduct ion cameras a t  Ames Research Center do not 
meet these spec i f i ca t ions .  The cameras lack the  a b i l i t y  t o  be p rec i se ly  
located.  This r e s u l t s  i n  the  lack of r e p e a t a b i l i t y  wi th in  the  allowable 
range of e r r o r .  
have the  r e so lu t ion  necessary €or  f i n a l  image reductions.  The Borrow- 
d a l e  camera lacks  s t a b i l i t y .  Although s t a b i l i z i n g  ba r s  could be pur- 
chased f o r  t h i s  camera, the amount of v i b r a t i o n  inherent  i n  the  camera 
is  not acceptable  f o r  in tegra ted  c i r c u i t s  work. 
work performed by the  s t a f f  oE the  photographic sec t ion  was exce l l en t  bu t  
it is an ind ica t ion  of t he  absolu te  maximum c a p a b i l i t y  of t he  system. 
This work would be very d i f f i c u l t  t o  dup l i ca t e  on the d a i l y  b a s i s  needed 
Furthermore, the  lenses  on the  e x i s t i n g  cameras do not 
The previous reduct ion 
c 

L l  
The f l y ' s  eye camera r equ i r e s  only one p h o ~ o g r a p ~ ~ c  s t e p  from the  art-  
work t o  the  f in i shed  mask. 
500 times. 
l imited by the  s i ze  of the  ind iv idua l  lens  i n  the  a r r ay .  The second 
method of s t e p  and repea t  c o n s i s t s  of an o p t i c a l  system and a p rec i s ion  
s tepping frame. 
s tepping frames present ly  used i n  the  generat ion of masks. The stepped 
image is  e i t h e r  stepped a t  the f i n a l  reduct ion s i ze  o r  a t  an intermedi- 
a t e  reduct ion s i ze  and then reduced to  the  f i n a l  image s ize .  
1967, p. 691 
The reduct ion r a t i o  ranges between 200 t o  
The f l y ' s  eye system provides a s tandard ch ip  s i ze  t h a t  is 
There a r e  seve ra l  combinations of o p t i c a l  sys tems and 
[Schwartz, 
The physical  requirements f o r  a s t e p  and repea t  camera a r e :  
1. accura te  s tepping frame 
2. high r e so lu t ion  o p t i c a l  system 
3. monochromatic l i g h t  source 
4, exposure Control 
5. r i g i d  cons t ruc t ion  
6 .  v i b r a t i o n  f r e e  
7 .  accura te  f ocus ing 
2.2 Equipment: Evaluat ion and Recommendations 
2.2.1 Camera Systems 
The comparison of the  ava i l ab le  reduct ion  cameras, s t e p  and 
repeat cameras, and the poss ib le  combinations of these  camera sys tems 
is given i n  Appendix B. 
s t e p  and repeat operat ion,  1/10 m i l  geometry capab i l i t y ,  and t h e  lowest 
degree of error. 
The David N n n  system provides semi-automatic 
12 
Fly ' s  eye camera systems are present ly  ava i l ab le  i n  a p r i ce  
range between $16,000.00 arid $20,000.00. 
search  Center t o  cons t ruc t  its own f l y ' s  eye camera system for  less than 
$10,000.00. 
It is poss ib le  f o r  Ames Fie- 
Appendix C is an i n i t i a l  engineer ing eva lua t ion  of a pos- 
There are three  mask generat ion sys tems considered to  be feas-  
The f i r s t  system is to  c u t  i b l e  f o r  the  integated c i r c u i t  laboratory.  
the  artwork €or  the  masks, and then have the  masks produced by a comer-  
cia1 company. A set of f i v e  masks f o r  one device would c o s t  approximate- 
l y  $490.00. (See Appendix D f o r  c o s t  ana lys i s .}  The only required 
equipment would be a coordinatograph f o r  c u t t i n g  the  artwork. The second 
system is the  David Mann Camera system. The recommended equipment f o r  
the  David m n n  System is given i n  the  recommended equipment l i s t  a t  the  
end of t h i s  chapter .  This system would produce a set of f i v e  masks for 
approximately $110.00. However, the  i n i t i a l  investment of $52,660.00 
would r equ i r e  123 sets of masks before  the  masks produced on the  David 
Mmn system would c o s t  less than having the  masks produced by an outs ide  
f i rm.  The t h i r d  system is the  fly's eye camera. The f l y ' s  eye sys t em 
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Figure 2-4 Mask Generation Cost 
generat ion sys  tern. 
As t he  in tegra ted  c i r c u i t  laboratory becomes opera t iona l ,  o the r  
systems m y  become d e s i r a b l e  such as computer aided design and automatic 
artwork generation. Therefore, i t  may be d e s i r a b l e  to  purchase an in- 
expensive system u n t i l  the  f u t u r e  requirements f o r  c i r c u i t  design and 
f a b r i c a t i o n  can be more f u l l y  evaluated.  
2.3 Photo Processing System 
A photographic processing area is needed for  developing high 
r e so lu t ion  p l a t e s  used i n  mask generat ion.  Figure 2-5 shows the  s tan-  
dard procerPsing s t e p s  used i n  developing high r e so lu t ion  p l a t e s .  I n  
processing the  p l a t e s ,  the  following items are considered c r i t i ca l :  
I .  procesrsing temperature con t ro l  
2. processing cyc le  time 
3. high p u r i t y  water 
the  processing area re- 
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Tray Processing Sink, Model 
No. 2435 1 $ 400,OO 
Base Cabinet, Model No. B30 1 167.00 
Base Cabinet, Model No. 3336 2 416.00 
Wall Mount Cabinets 2 236.00 
Faucet, Model No. KF23OS 1 54.00 
Base Cabinet Tops 
Constant Temperature Refr igerated 
Bath, Hotpack, Model No, 333 
Vertical Laminar Air Flow Unit, 
Agnew-figgins, Model DFV8 
M m n t h g  and Plexiglas  for 
Agnew- Wiggins, Model DFV8 (est ) 
153 0 00 
$ 1,426.00 
$ 550.00 
200.00 
David Mann System 
S t e p a n d -  Repeat, Model 1480 
Master R e t i c l e  Alignment, 
Model 1492 
Reduction Camera, Model 1503 
Vacuum Pump, Gast Vzcuum Co. 
Model No. 1550 
Laminar A i r  Flow and Table, 
Agnew-Higgins Inc. (Spec ia l  Design) 
$ 25,000.00 
3,100.00 
13,900.00 
$ 42,000.00 
$ 350.90 
1,500.00 
$ 43,850.00 
3.1 
lJafer prepara t ion  i n  the in t eg ra t ed  c i r c u i t  laboratory w i l l  be 
mainly the  precleaning of wafers before  processing. Due t o  the  high 
cost QE equipment end manpower and the  r e l a t i v e l y  low cost of s i l i c o n  
wafers, no provis ion  has been made €or the  pol i sh ing  of s i l i c o n  wafers;  
s i l i c o n  wafers should be obtained from an ou t s ide  supply source. The 
area t h a t  is to  be used for precleaning wafers and general  chemical 
prepara t ion  is shown i n  Fig.  3-1. The wafer prepara t ion  area c o n s i s t s  
of the following equipment: 
1. fume hood 
2. s ink  
3. cab ine t s  wi th  chemllcal r e s i s t a n t  tops 
4. w a l l  mounted s to rage  a rea  
5 .  s torage  cab ine t s  
The wafer prepara t ion  area provides s torage  space f o r  suppl ies  and 
labora tory  equipment. The fume hood provides a p lace  f o r  wafer clean- 
ink w i l l  be loca ted 
P 
d 
6d 
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3.2 
A l l  e p i t a x i a l  work is to be pe r fo  
to  the  high cost of e p i t a x i a l  equipment and the  la rge  amount of manpower 
t o  develop the  e p i t a x i a l  c a p a b i l i t y  and processes,  i t  is more economical 
to  have the  work performed by an ou t s ide  source.  
3.3 In t eg ra t ion  of Di f fus ion  and Photores i s t  Areas 
The d i f f u s i o n  furnaces  and the  pho to res i s t  l i n e  have been placed 
opposi te  each o t h e r  to provide optimum u t i l i z a t i o n  of f l o o r  space and 
manpower. The pho to res i s t  l i n e  and d i f f u s i o n  furnaces  are separated by 
a d i s t ance  of seven f e e t .  This w i l l  allow one or  more technic ians  to 
process wafers through t h e  pho to res i s t  l i n e  and through the  d i f f u s i o n  
furnaces  wi th  a minimum number of s t eps .  
amount of bu i ld ing  modif icat ion necessary f o r  the  t w o  a reas .  
This conf igura t ion  reduces the  
The pho to res i s t  l i n e  and the  furnace load s t a t i o n  a r e  laminar 
a i r  flow u n i t s .  
p o s i t i v e  a i r  pressure between the  d i f f u s i o n  furnaces  and the  pho to res i s t  
l i n e .  The p o s i t i v e  a i r  pressure reduces t h e  amount of contamination 
between the  two l i n e s .  [Agnew, 1965, p. 121 The combining of the d i f -  
The opposing laminar a i r  flow hoods produce an  a rea  of 
fus ion  and pho to res i s t  areas makes it f e a s i b l e  to  use a s i n g l e  pol i sh ing  
u n i t  f o r  t he  deionized water which w i l l  provide the  pho to res i s t  l i ne ,  
the  wafer c leaning  sink, and the  load s t a t i o n  s i n k  with 15 to  18 megohm- 
water . 
3.4 Pho to res i s t  Line 
a flow process  diagram for the  pho to res i s t  l i ne .  
The process  l i n e  is adaptable  t o  a l l  major pho to res i s t s  cu r ren t ly  i n  

use. The photores i s r  Line is completely enclosed i n  laminar sir flow 
which provides contamination con t ro l  f o r  processing. Figures  3-3 and 
3-4 show the  proposed pho to res i s t  l i n e .  
The following equipment is necessary f o r  the  pho to res i s t  l i n e :  
1. laminar a i r  flow c l ean  hood 
2. laminar a i r  flow exhaust hoods 
3. e t c h  and develop s inks  
4. pho to res i s t  spinner  
5. mask alignment u n i t  
6. bake ovens 
7 .  hot p l a t e s  
8. cen t r i fuge  
The pho to res i s t  spinner  is 8 P l a t  model No. 102 which is cur- 
r e n t l y  ava i l ab le  a t  h s  Research Center f o r  the  pho to res i s t  l i n e .  
The alignment f i x t u r e  is  a s p l i t  f i e l d  e l e c t r o - g l a s s  alignment 
un i t ,  faode1 No. 360. The comparison of the  var ious  alignment f i x t u r e s  
is given i n  Appendix B. 
A cen t r i fuge  is included f o r  grec lesn ing  pho to res i s t  before 
appl ica t ion .  
3.5 Diffusion and Oxidation Furnaces 
The d i f f u s i o n  system f o r  the  in tegra ted  c i r c u i t  laboratory is 
designed f o r  gaseous sources;  however, the  system is easily adaptable  
t o  l i qu id  sources.  
and process r e p e a t a b i l i t y .  
The gas sources  w i l l  provide mximklm process con t ro l  
The system requ i r e s  eight d i f f u s i o n  cham- 
bers ,  t w o  f o r  oxidat ion,  th ree  f o r  doping and th ree  f o r  dr ive- in .  The 
i 
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i 4J 
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oxida t ion  tubes provide oxida t ion  by e i t h e r  steam or dry oxygen. 
doping gases  are diborane, phosphine and a r s ine .  [ S d C l Z ,  1964b 1 
The 
The major c r i t e r i a  on which the furnaces  a r e  judged are the  
The p r o f i l e  of each d i f f u s i o n  chamber temperature c h a r a c t e r i s t i c s .  
must have a f l a t  zone i n  which t h e  temperature v a r i a t i o n  is not  g r e a t e r  
0 than 2 4 C. The temperature p r o f i l e  must also remain s t a b l e  over a 
long period of t i m e .  
fus ion  furnaces  are the  master s l ave  c o n t r o l l e r  and s i n g l e  poin t  pro- 
por t ion ing  c o n t r o l l e r .  
temperature c o n t r o l  and a f l a t t e r  temperature p r o f i l e .  
The two temperature con t ro l  systems used i n  d i f -  
The master ~ l a v s  c o n t r o l l e r  provides b e t t e r  
[Schwartz, 1967, 
PP* 19 - 231 
The b a r r e l  arrangement is  shown i n  Pig. 3-5. A laminar a i r  flow 
hood is placed across  the  f r o n t  of both three-chamber d i f fus ion  furnaces .  
The majori ty  of a l l  processing w i l l  be  gerfonned with  these  s ix  d i f f u s i o n  
chambers. The laminar flow hood w i l l  rninimFze wafer contamination. A 
s i n k  is located i n  the  load s t a t i o n  with deionized water. A t  the  rear 
of each s t a c k  of d i f f u s i o n  chambers is a gas c o n t r o l  cab ine t .  
cab ine t  conta ins  the  gas con t ro l  panels, the  doping gases, the  doping 
gas manifolds and regula tors ,  the  doping gas purge systems, and gas l i n e  
r egu la to r s .  
This 
The chamber diameter should not  be less than th ree  inches. The 
Over Temperature Control u n i t s  prevents  thermal run away des t ruc t ion  o f  
furnace elements, Push rod and thermocouple holders  are located i n  the  
load s t a t i o n .  
n 
-. 
The eva lua t ion  of t h e  var ious  a v a i l a b l e  furnaces  is given i n  
Appendix B. The recommended furnaces  and op t iona l  equipment is l i s t e d  
a t  t he  end of t h i s  chapter  i n  the  Recommended Equipment list.  
3.6 Furnace Layout and Conf imra t ion  
Addit ional  information on the  required puwer, exhaust, c h i l l e d  
water, deionized water, d ra ins  and gas l i n e s  is given i n  Chapter 6 ,  
A gas c o n t r o l  system is needed to con t ro l  processing charac- 
teristics. The conf igura t ions  f o r  the  gas con t ro l  systems are shown 
i n  Figs.  3-6 and 3-7. 
r equ i r e s  fou r  flow meters and e i g h t  toggle  valves  pe r  panel.  
from the  c o n t r o l  panels  are then fed i n t o  mixing manifolds and then i n t o  
the  d i f f u s i o n  tubes.  The gas c o n t r o l  panels  f o r  the  oxida t ion  and dr ive-  
i n  furnaces  r equ i r e  th ree  flow meters and six toggle  valves  pe r  panel. 
The gas flow from the  n i t rogen  and one oxygen flaw meter a r e  fed  i n t o  
the mixing manifold. The oxygen from the  second oxygen flow meter is 
fed  i n t o  a temperature con t ro l l ed  f l a s k  of water. 
through the  kigh p u r i t y  water, and the  mixture  of oxygen and steam is fed 
i n t o  the  gas l i n e  between the  mixing manifold and quar tz  tube. 
The gas con t ro l  system f o r  the  d i f f u s i o n  tubes 
The gases  
The oxygen is bubbled 
The gas supply l i n e s  coming from the  gas s torage  area will have 
a gas pressure  of 35 psig.  
r egu la to r  and gauge. 
the  gas c o n t r o l  panels .  
Each gas con t ro l  cab ine t  w i l l  have a l i n e  
From the  r egu la to r  the  gas w i l l  be fed t o  each of 
The doping gas supply conf igura t ion  is given i n  Fig. 3-8. The 
doping gas supp l i e s  are located i n  the  lower por t ion  of the  gas  con t ro l  
I, 
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cabine ts .  The doping gas system c o n s i s t s  of a doping gas s 
ni t rogen  purged tank, manifold, and r egu la to r  e 
3 e 7 Glassware 
The following glassware w i l l  be needed for  the  furnace system: 
1. mixing manifolds 
2. quar t z  tubes 
3. end caps 
4. steam oxida t ion  system 
5. push rods 
6. boa ts  
The glassware m y  he e l l  or p a r t l y  f ab r i ca t ed  by the  Antes Msearch Center 
glass f a c i l i t y ;  however, local glass companies may be a b l e  to supply the  
required glassware f o r  less than the  in-house f a b r i c a t i o n  cost. The 
steam oxida t ion  system is a l s o  a v a i l a b l e  i n  modular form. To insure  
that the  temperature p r o f i l e  is maintained, a means of recording the  
p r o f i l e  is needed. Automatic p r o f i l e r s  are ava i l ab le ,  bu t  the  p r o f i l e  
may be recorded amnually wi th  a sh ie lded  thermocouple and a prec i s ion  
potentiometer.  
R E X O l ~ E D  EQUIF’MEIW 
Wafer Preparat ion Area 
Van 
No. 
Description 
Waters and Rodgers, Inc.  Catalog 
96 
Fume Hood, Catalog No. 30176-061 
Base Cabinets,  Catalog No. DB 35-H 
Sink, Catalog No. 7020 
Base Cabinets, Catalog No. DR 35-H 
Wall cab ine t s ,  Catalog No. 1754 
Counter Tops, Vanrock, S ty l e  C ,  
f o r  base cabine ts ,  No. DB 35-H 
Counter Top, Vanroek, Style D, 
fo r  base cabine ts ,  No. DR 35-€I 
High Cabinets,  Catalog No. 1790 
Sink Cutout 
Number 
Required 
1 
2 
1 
2 
2 
2 
2 
2 
1 
Price 
$ 845.00 
163.00 
70.50 
300.00 
183.00 
92.40 
111.30 
570.00 
TOTAL 
3 . 
Photoresist Line 
Number 
Required Description Price 
Clean Work Stations,  Contamination 
Control Inc .  
Model No. 931-4( VLF-W .$ 1,725.00 
1,750.00 
1,615.00 
80 00 
70.00 
Model No. 931-4' VLF-SS 
Model No. 940-8' H L F  
WC Gooseneck Faucet With Valve 
Pass Throughs, S l i d i n g  Door 
$ 5,240.00 
Mask Alignment System 
Electroflas,  Inc. , Model No. 360 $ 5,836.00 1 
Bake oven, Blue M, Model No. 5010 $ 238.00 2 
Hot Plate: 
Catalog No. 33376-009 
Van Waters and Rodgers 
5 138 00 
Ultrasonic Cleaners Cole- Parmer 
Instrument Co., Model No. 88454 2 200.00 
870.00 Centrif'uge, International Model HT 1 
C h a i r ,  Dependable Manuf. Co., 
Model No. 1917 62.00 1 
Timers, Cole- Parmer, Model No. 8620 3 87.00 
Photoresist Line, TOTAL $ 12,671.30 
Diffusion Area 
Description 
Furnaces, Thermco Praducts 
Number 
Required 
Thermo "Spartan" Model, double 
chamber diffusion Arrnace, 
type 200. Specification No. 501681 1 
Water Cooling System 1 
Stainless S tee l  Toxic Scavengers 2 
Special Base Cabinet 18" X 30" 1 
Thermco "Spartan" Model, t r i p l e  
chamber diffusion furnace, type 300 2 
Water Cooling System 2 
S t a h l e s s  S tee l  Toxic Scavenger 
Thermco Vertical  Laminar Flow Load 
Station, 6 ft. nominal 1 
Triple Chanber Source Cabinet 2 
Excess Temperature Control 
Thermocouple and P u l l  Rod 
Storage Tubes 
Deplex 115 Volts Receptacles 
Load Station Sink (est . )  
8 
$ 5,575000 
250.00 
170.00 
375.00 
$ 6,370.00 
$ 16,050.00 
500.00 
510.00 
1,800.00 
1,080.00 
$ 19,940.00 
$ 1,400.00 
510.00 
64.00 
150.00 
2.124.00 
TOTAL $ 28,434.00 
Description 
Glassware 
Quartz Tubes 
End Caps 
Mixing Manifolds 
Boats 
Push Rods 
Additional Equipment 
a $ 848.00 
8 . 00 
8 200 * 00 
8 3.20 00 
8 8.00 
$ 1,241.00 
Poten t ime te r ,  k e d s  and Northrup, 
Model No. 8686 1 
Microscope, Unitron, Model PLMEC 1 
Rear Lab Sink, Van Waters and 
Rogers, Model No. 7092 
Copper Tubing, 400 fee t  
Fittings, &" Swagelok 
Steam Oxidation System 
Flask, 1000 mZ 
Heati 
Transformer, Variable 
Glass F i t t i n g s  and Fabricat ion 
1 
$ 485.30 
468.00 
345.00 
52.00 
200.00 
. 
4 8.00 
17.50 
2'/ I 30 
30.00 -
$ 82.53 
40 
Description 
Steam Oxidation System 
Oxidation and Drive-in Gas Control Panels 
Nurnbe r 
Nequi red 
4 
Flowmeter, Brooks, Model No. 1355 
With needle con t ro l  valve,  brass 
end f i t t i n g s  and $,, Swagelok 
connections 3 
Toggle Valves, Whitey, No. 1 s e r i e s  
Part NO. 1 ~ S 4  6 
Panel, ( e s t . )  1 
Cost Per Panel 
Drive-in and Oxidation Gas 
Control Panel 
Doping Gas Control Panels 
Flowmeter, Brooks, Model No. 1355 
With needle c o n t r o l  valve,  brass 
end f i t t i n g s ,  and +'* Swagelok 
connections 
5 
3 
Flowmeter, Brooks, Model No. 1355- 
8505, w i t h  ELI;' needle valve,  brass 
end f i t t i n g ,  and &" Swagelok 
connections 1 
Toggle Valve, Whitey, No. 1 Ser i e s ,  
Part  No. 1GS4 8 
Panel (est.) 1 
Cost Per Panel 
Doping Gas Control  Panels 3 
Pr ice  -
$ 330.00 
$ 147.00 
42.20 
30.00 
$ 217.20 
$ 1,086.00 
$ 147.00 
63 e 30. 
53.60 
30.00 
$ 293.90 
$ 882.00 
Wafer Preparation Area $ 2,347.00 
Photores i s t  Line 12,671.00 
Diffusion A r e a  33,868.00 
$ 48,886.00 TOTAL 
The vacuum depos i t ion  f a c i l i t y  a t  Ames Research Center is cag- 
ab le  of doing depos i t ions  w i t h  r e s i s t i v e  f i f m s ,  d i e l e c t r i c  f i lms,  and 
o ther  s p e c i a l  purpose f i lms.  This f a c i l i t y  is q u i t e  adequate f o r  a l l  
depos i t ion  work present ly  used i n  the f ab r i ca t ion  of in tegra ted  c i r c u i t s .  
However, an add i t iona l  vacuum depos i t ion  s y s t e m  i n  the  in t eg ra t ed  c i r -  
c u i t  laboratory w i l l  minimize the  add i t iona l  work load placed on the 
e x i s t i n g  vacuum f a c i l i t y ,  and i t  w i l l  minimize the p o s s i b i l i t y  of wafer 
contaminat ion. 
The evaporat ion system c o n s i s t s  of a vacuum sys tem,  vapor source,  
s u b s t r a t e  holder and heater ,  and s u b s t r a t e .  A t yp ica l  arrangement of 
the  f i x t u r e s  used i n  the  depos i t ion  of aluminum is shown i n  Fig. 4-1. 
The f i x t u r e s  a r e  mounted on the  base p l a t e  of the  vacuum system. The 
f i x t u r e s  may be e i t h e r  f ab r i ca t ed  a t  Am8 Research Center o r  obtained 
coummxially.  The evaporation source is a r e s i s t a n c e  heated boat.  The 
vacuum system is furnished wi th  a 2 WA high cu r ren t  transformer and a 
va r i ab le  t r ans fo  r f o r  supplying source current.. The power is fed 
through two  high cu r ren t  feedthroughs i n  the  base p l a t e .  Additional 
feedthroughs are needed for  the  s u b s t r a t e  hea te r  power and the  sub- 
strate monitor thermocouple; a r o t a r y  feedthrough is used f o r  s h u t t e r  
operat ion.  
42 
and Holder 
support 
Frame 
Shutter 
i 
--___lf 
future 
A rate and thickness monitor and a control led  power supply are 
very useful  research tools, b u t  for the i n i t i a l  laboratory, they are 
not required. A cer ta in  amount of characterization of the! evaporation 
system w i l l  be needed to provide routine deposit ion rates and thick- 
nesses .  
~~~0~~~ 
Evaporation System, Morton Co. 
Descript ion 
Vacuum Pumping System, Model No. 3117, 
with W-6 diff 'usion pump and 17.7 cf'm 
roughing pump 
Fix tur ing  (est. ) 
TOTAL 
Alterna te  Low Priced System 
Evaporation System, Edward's 
High Vacuum Inc., Model No. E12E3 
with f i x t u r i n g  
Cont ro l le r  and Heater 
TOTAL 
Number 
Required Price 
$ 5,250.00 
700. a, 
$ 5,350.00 
$ 3,633.50 
385.00 
$ 4,0l8.50 
TEST AND ENCAPSULATION 
The test and encapsulat ion area is designed to  be u t i l i z e d  
by the  in t eg ra t ed  c i r c u i t  l abora tory  and by the  hybrid c i r c u i t  f a c i l -  
i t y .  This provides optimum u t i l i z a t i o n  of the  equipment necessary t o  
both  groups. 
the c i r c u i t s  are no longer processed a s  an e n t i r e  wafer bu t  as indi-  
v idua l  c i r c u i t s .  I n  the  accept - re jec t  t e s t ing ,  t he  c i r c u i t s  are 
a t tached  i n  wafer form, but  each c i r c u i t  is t e s t ed  ind iv idua l ly .  
reduce the cost of labor  i n  working with the  ind iv idua l  c i r c u i t s ,  
add i t iona l  automation and ease of opera t ion  w i l l  be considered i n  
equipment s e l ec t ion .  
I n  the  t e s t i n g  and encapsulat ion of in tegra ted  c i r c u i t s ,  
To 
5.1 Test in .  
The test area is designed to  provide the  maximum t e s t i n g  
v e r s a t i l i t y .  
Figure 5-1 is a flow diagram of the t e s t i n g  area.  The test 
a rea  may be used i n  t e s t i n g  wafers, hybrid c i rcui ts ,  completed inte-  
gra ted  c i r c u i t s ,  and a la rge  v a r i e t y  of commercially ava i l ab le  devices.  
The test  a rea  provides a m a n s  of c i r c u i t  design evaluat ion.  
f i g u r a t i o n  of t he  test equipment is given i n  Fig. 5-2. 
The con- 
The curve tracer and the  integraced c i r c u i t  tester are used 
wi th  t h e  probe s t a t i o n  t o  provide wafer t e s t i n g .  
also be used with  s p e c i a l  test equipment set up s p e c i f i c a l l y  f o r  the  
46 
The probe s t a t i o n  may 
1 
% 
d 
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device being tes ted .  The curve! tracer, in tegra ted  c i r c u i t  tester, 
special test equipment are a l s o  used i n  the  f i n a l  test of in tegra ted  
c i r c u i t s  and hybrid c i r c u i t s .  
Figure 5-3 is a F ~ C Q  nded test equipment layout.  The regions 
marked s p e c i a l  t e s t i n g  are ;sed f o r  s e t t i n g  up s p e c i a l  test  equipment 
which is to  be determined by the  c i r c u i t  designer .  
The th ree  probe s t a t i o n s  considered acceptable  a r e  l i s t e d  below. 
Elec t roglas ,  &del No. 131B $3,242.00 
Kulicke and Soffa Inc. 3,272.00 
TAC, b a e i  NO. A Y - ~ ~ O  4,330.00 
The p r i c e  of each model includes the  bas i c  probe s t a t i o n ,  t e n  probes, 
one inker ,  and a steromicroscope. The recommended probe sys t em is TAC, 
Model No. XY-240. The XAC system is prefer red  because of its ease of 
opera t ion  and wafer pos i t ion ing  con t ro l s .  The reduct ion  i n  opera t ion  
time w i l l  more than compensate f o r  the  add i t iona l  cost of the  s t a t i o n .  
The recommended in tegra ted  c i r cu i t  tester is the  Microdyne 
Plodel No. 715. 
l i n e a r  c i r c u i t s .  The t e s t i n g  modes ava i l ab le  are crosspoin t  matr ix  and 
prewired patch-plug f o r  semi-autometic t e s t ing .  
The Microdyne tester is  capable of t e s t i n g  d i g i t a l  and 
The crosspoin t  matrix provides device t e s t i n g  and engineer ing 
c i r c u i t  design evaluat ion.  The use of the  tester f o r  design eva lua t ion  
e l imina tes  the  need f o r  e l abora t e  arrangements of power suppl ies  and 
test equipment. 
analogue meter provides vol tage  o r  cu r ren t  readings a t  any device ter- 
minal. Additional t e s t  equipment f o r  dynamic or special purpose t e s t -  
ing nay be d i r e c t l y  connected to the  matrix. 
A l l  con t ro l s  are located on the  f r o n t  panel and an 
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Average t e s t i n g  Ir with t h e  cross i n t  m a t r i x  is one minute per  device,  
and the  programme atch-plug reduces t h i s  time t o  approximately 15 
atch-plugs a r e  cu r ren t ly  ava i l ab le  f o r  many CQUUM?~- 
c ia1 in t eg ra t ed  c i r cu i t s - .  The Xicrodyne company w i l l  supply a p r o ~ r a ~ e d  
plug for any comarcfal or s p e c i a l  purpose c i r c u i t  f o r  $40.00. 
plugs may be purchased sepilraeely and ~ r o ~ r a ~ e d  by the design 
The 
An addie iona l  "Device Holder Connector Card" ahould be obtained 
and wired t o  provide interconnect ions wi th  t probe s t a t i o n  and curve 
tracer e 
The curve t r a c e r s  considered f o r  the  in tegra ted  c i r c u i t  labora- 
tory a r e :  
Pa i r ch i ld  Msdel No. 6200 B/P $2 f 350.00 
Tektronix Node1 No. 575 1 475.00 
Tektronix hbdel No. 576 2,125.00 
The recommended curve t r a c e r  is Tektronix 
This curve tracer can be operated by t h e  design engineer  o r  by 
a technician.  The s ca l e - f ac to r  readout w i l l  reduce the  chance of error 
i n  using the  cu ve t r a c e r  i n  accept - re jec t  t e s t i n g  and i n  the  f i n a l  
c i r c u i t  test. 
5.2 Encapsulation 
The processes  involved i n  encapsulat ion is shown i n  F ig .  5-4. 
The wafer is  scr ibed  and broken i n t o - t h e  ind iv idua l  dLe. The d i c e  a r e  
bonded to a header or other s u i t a b l e  package. Fol1 ing d i e  bonding, 
the  units are then wire bonded and ~ n c ~ ~ s ~ l a ~ ~ ~ .  Por t ion  
52 
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process a r e  also c 
y both a reas  w i l l  
bonding area equipment layou 
The s c r i b i n g  machine 
750 %-XI. “he s c r i b e r  is 
ter f o r  t o o l  a l i g  n t .  The Tempress Plodel No. 1713-56 is an automatic 
s c r i b i n g  machine t h a t  meets a l l  requirements f o r  the  in t eg ra t ed  c i r c u i t  
laboratory,  bu t  the automation f o r  an add i t iona l  $2,000,00 cannot be 
j u s t i f i e d .  The manual s c r i b e r  can perform a l l  wafer s c r i b i n g  wi th  no 
s i g n i f i c a n t  increase  i n  labor  c o s t .  
Ames Research Center present ly  owns a Kulicke and Soffa Univer- 
sal  D i e  Mounter, Model No. 642. The d i e  mounter is adaptable  t o  headers, 
subs t r a t e s ,  and f l a t  packs. The capac i ty  of the  mounter is suf f ic ien t :  
t o  handle the  work load produced by the  hybrid and in tegra ted  c i r c u i t  
l abo ra to r i e s .  f the  output  from the  hybrid and in t eg ra t ed  c i r cu i t :  
l abo ra to r i e s  became except iona l ly  high, i t  may be necessary to  purchase 
an a d d i t i o n a l  d i e  mounter, 
A hea t  d i e  c o l l e t  wi th  a variac c o n t r o l  should be purchased f o r  
the  d i e  mounter. 
purchased for $50.00 each. 
Top p l a t e  assemblies f o r  t he  var ious  packages may be 
Wi t i m e  consuming job; without  a s u f f i c i e n t  num- 
be r  of w i r e  bonders the  production c a p a c i t i e s  of the  hybrid 
gra ted  c i r c u i t  l abora tory  would be severe ly  l imited.  
Center has an u l t i a s o n i c  bonder, West Bond 
should be set up as an  u l t r a s o n i c  w i r e  bonder. 
is necessary to  provide the required production capaci ty .  
Antes Research 
d e l  WB, 7175. This bonder 
A second w i r e  bonder 
8 
4 
4 
0 m 
L 
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The recommended w i r e  bonder i s  Kulicke and Soffa, b d e l  No. 484 
Ul t rasonic  Tailless Wire Bonder. This w i r e  bonder is  adaptable  t o  a l l  
standard'packages; it can be Lsml with e i t  er gold or aluminum w i r e ;  
and it can be programmed f o r  semi-automatic operat ion.  
Ames Research Center now owns a welder which can be modified 
f o r  s e a l i n g  TO-5 headers. 
c u i t  design engineers should determine a t  a later d a t e  if o the r  standard 
packages are necessary. 
This modif icat ion should be made. The cbr- 
No cost es t imat ion  is given for the  welder modif icat ion or 
add i t iona l  packaging equipment. 
T e s t  ' ing 
Microdyne, Model No. 715 1 
Device Holder, Model No. 701-1-2 1 75 * 00 
Adapter Sockets 4 60.00 
Programmed Patch Plug 
Probe S ta t ion ,  Tac, Model No. XY-240 
(10 probes and inker )  1 
Curve Tracer, Tektronix, 
Model No. 576 
\ 
1 
Test Benches, Bay Co. 3 
Chair, Dependable Manufacturing 
Co. Model No. 6 2 5 4  1 
40.00 
$ 2,465.00 
$ 4,330.00 
2,125.00 
300.00 
39-00 
$ 9,259.00 
Encapsulation 
1 
1 100.00 
1 3¶ 348 00 
2 200 * 00 
Description Number Required 
Chairs, Dependable Manufacturing 
Co., Model No. 6-25-14 3 
TOTAL 
59 
Price 
$ 117.00 
$ 6,305.00 
$ 15,564.00 
6 1 Water System 
6.1.1 Deionized Water System 
A re la t ivel i  la rge  quan t i ty  of u l t r a  pure deionized water is  
necessary i n  the  processing of in tegra ted  c i r c u i t s .  To produce the  
q u a l i t y  of deionized water required by the  in t eg ra t ed  c i r c u i t  laboro- 
tory,  a water de ioniz ing  system must be i n s t a l l e d .  The system must 
meet the  following requirements: 
c 
1. u l t r a  pure water to le rances  (Fig. 6-1) 
2. 
3. low opera t ing  c o s t  
flow r a t e :  not less than 2% gprn 
The deionized water system is t o  be placed i n  Room 216. 
The conf igura t ion  of the  deionized water system is shown i n  
Fig. 6-2. The system is r e c i r c u l a t i n g  i n  order  t o  provide LP resis- 
t i v i t y  equal  t o  or g r e a t e r  than 10 megohms i n  the  c i r c u l a t i n g  l i n e .  
The r e c i r c u l a t i o n  o f  the  water w i l l  a l s o  increase  the  capac i ty  of the  
system, minimize water loss, and insure  the  mini 
The a n a l y s i s  necessary for designing the  deionized water system 
is  based on the  San Francisco Water D e ~ a r ~ ~ ~ n ~  Mineral Analysis Table 1, 
d a t e  taken June 3, 1368. The water supplied t o  s Research Center 
C Q ~ S  from Alameda East P o r t a l  ( t r ea t ed  water) and Calaveras pipe l i n e  
( t r ea t ed  water) i n  a r a t io  of 4 : 1  respec t ive ly .  
mixrure ratio was provi  ed by A m s  Research Center. 
The water ana lys i s  and 
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Fe as Fe 
Cu as Cu 
Organics as O2 Consumed 
Free C1 as C1 
Total Solids 
Specific Resistance 
PH 
Size of Particulate Matter 
Tolerance, ppm 
0.005 
0.005 
1.0 
0 
Trace 
18 megohnrcm 
7.0 
Under 0.5 1.1 
Figure 6- 1 Ultrapure Water Tolerances 
[Applebaum, 1968, p. 181 

6 t 
From the  water a a l y s i s ,  the average hardness is 2.1 gra insf  gal-  
lon, 
during t h e  day and will a l s o  f l u c t u a t e  with seasonal  changes. 
The amount; of ion izable  p a r t i c l e s  i n  the  water w i l l  f l u c t u a t e  
The sys- 
t e m  ana lys i s  w i l l  be ca l cu la t ed  using a valve of 5 gsa infga l lon  t o  
allow f o r  changes in the  water supply. The capac i ty  of the  system w i l l  
decrease as the hardness increases .  
6.1.2 Sand F i l t e r  
The sand f i l t e r  removes suspended matter and t u r b i d i t y  from the  
e f f l u e n t  which would otherwise c log  the  micron f i l t e r s  and damage the  
ion exchange res ins .  
6.1.3 Carbon F i l t e r  
The carbon f i l t e r  removes ~dob", co lor ,  organic,  and f r e e  chlo- 
r i n e  from the  water. 
damage the  r e s i n  i f  allowed t o  pass  through the  deionizing columns. 
The organics  and f r e e  ch lo r ine  w i l l  ~ ~ ~ n e ~ t l ~  
6.1.4 F i l t e r s  
The 1.0 micron f i l t e r  fol lowing the  carbon f i l t e r  removes 
p a r t i c u l a t e  matter before  the  water e n t e r s  t he  c a t i o n  bed. The f i n a l  
f i l t e r  i n su res  t h a t  t he  c i r c u l a t i n g  l i n e  will be f r e e  of p a r t i c u l a t e  
matter Larger than 0.25 microns. 
6.1.5 Two-Bed De i on ize r  
The c a t i o n  and anion exchange eolumns are ~ u r n i s h @ d  as a s i n g l e  
u n i t ,  The input  l i n e  to t h i o  u n i t  has an i n t eg ra  ing water meter and 
rate meter. An i nd ica t ing  conduct iv i ty  meter is located on the f r o n t  
I: monitoring b;he pur i ty  of the  e f f l u e n t .  An addi  
is  t o  be placed t n  the  se rv ice  l i n e  fsllowirag the  mixed-bed de ionizer ,  
e r a t e d  every 40 working days.  
The e f f l u e n t  q u a l i t y  w i l l  normally be less than 5-10 ppm. 
6.1.6 Automatic Shut-Off System 
The automatic shut-off system measures the  r e s i s t i v i t y  of the  
water, and when the  r e s i s t i v i t y  drops below a set value,  t he  water flaw 
is terminated. The system is provided with an alarm t o  i nd ica t e  t h a t  
regenera t ion  is necessary.  
6 1 . 7  Mixed-Bed Deionizer 
The mixed-bed de ionizer  acts as a pol i sh ing  u n i t  to  increase  the  
the  water t o  not 11) megohms. The f 
per  water flow. The loca t ion  of the check valves are shown i n  Fig. 6-2. 
6.1.9 Photores i s t  and DiPfusion Service Line 
The highest  qua l i t y  of water is required i n  the photores i s t  and 
A non-regenerable mixed-bed deionizer  is placed i n  the d i f fus ion  area.  
the photores i s t  se rv ice  l i ne .  
have a r e s i s t i v i t y  of 15 t o  18 megohms. 
The water a t  t h e  s e rv i ce  o u t l e t s  w i l l  
The non-regenerable deionizer  has a capaci ty  of 8,000 grains .  
Zf LO megohm water is supplied t o  t h i s  un i t ,  the  life capaci ty  i a  45 
mil l ion  gal lons.  
year QT more can be expected. 
This valve is not realistic, but  a l i f e t ime  of one 
The pr  
The new r e s i n  would be place .OO. 
' &  
0 
w 
I 
65 
6.1.11 
The water supply l i n e  t o  tlie sys t em nftls ve a E l o w  rate of not 
less than 20 gpm and a s t a t i c  pressure  of nor l than 75 psig.  The 
p ly  l i n e  should be r i g i d  coppea: tubing w i t h  soldered j o i n t s ,  An o p e n .  
d r a i n  system capable of dra in ing  20 gpi must be i n s t a l l e d  f o r  recyc l ing  
the  var ious  un i t s .  Hitrogen gas is also required a t  20 psig.  
A l l  p ipe i n t ~ ~ c ~ n n e c t i n ~  the  var ious  u n i t s  is to be 
The se rv ice  l i n e  and a l l  se rv ice  o u t l e t s  are to  be anade of PVC. It is 
of great importance t h a t  only t e f l o n  tape be used i n  jo in ing  the PVC 
pipe. Any o the r  j o i n t  compound w i l l  contaminate the  system and cause 
severe damage. The d r a i n  may be made of copper. 
6.1.12 Resin 
The mixed-bed and two-bed de ionizers  are furnished wi th  r e s ins .  
The non-regenerable pol i sh ing  de ionizer  is shipped wi th  r e s i n  TM-12 ; 
t he  r e s i n  should be changed to  TMD-12. The two r e s i n s  are the same 
except t h a t  r e s i n  TEID-12 has an  ind ica t ing  dye which is needed a t  the  
time the  r e s i n  i s  exhausted and t r ans fe r r ed  for use i n  the  mixed-bed 
d e l  No. 2433-535. 
6.1.13 Estimated Cost 
A l l  equipment is made or suppl ied by I l l i n o i s  Water Treatment 
Company. The cost es t i  t i o n  does not include i n s t a l l a t i o n ,  i n s t a l l a t i o n  
mater ia l s ,  pipe l i nes ,  service o u t l e t s ,  d r a i n  l i n e  or o the r  bu i ld ing  
m d i f i c a t i o a s  0 
4,2 Time Rewired  ~ Q P  Standard Processing of an In tegra ted  C i r c u i t  
6.2.1 Artwork 
Assuming t h a t  the  artwork is cut: O V ~ K  t he  c i r c u i t  layout, the  
artwork c u t t i n g  t i m e  is pproxim te l y  t w o  ours  per m s k  for n o m 1  
c i r c u i t  complexity. The to t a l  c u t t i n g  t i  for a set of f i v e  mask 
ten  hours. 
6.2.2 Xask ~ ~ e ~ a t ~ ~ ~  
The t i m e  required for mask generat ion depends on the  system 
t s i d s  msk S Q U ~ C ~ S  can provide f in i shed  masks i n  less than one 
week. The David Mnn camra system required 48 hours. The 48 hours is 
the  t o t a l  processing and drying time, Eight n hours %re requi red  to  
produce a set of five masks. 
and-one-half ~ I I  hours and a total of 24 proceskng and drying hours. 
The fly's eye camera system requires two- 
6.2.3 Pho to res i s t  and Diffusion 
.f 
Normal wafer processing time is approximately one week. One 
labora tory  technic ian  can process an average of 30 wafers per week i f  
a l l  processes  are standard.  
6.2.4 Meta l l i za t ion  
Two hours is s u f f i c i @ n t  time to  allow for evaporator set-up 
and evaporation. 
6.2.5 
The assumptions made i n  der iv ing  opera t ion  times are: 
1. ~ t e  s i z e : :  LOO m i i s  x ma miis 
2. 12 ~ Q n ~ i ~ ~  pads per  die 
4. Orne inch wafer, 68 d i e  per  wafer 
5 .  LO0 per  c e u i  yield 
Operation times : 
Function Per  D i e  Per  Wafer 
1. wafer testing (simple test)  30 sec. 30 min. 
2. Scr ibe 15 min. 
3. Clean --.. 30 min. 
4. D i e  bond 15 sec, 15 min. 
5. Wire bond 60 sec. 60 min. 
6. Encapsu l a  c ion 30 sec, 30 min. 
7. Tes t :  Progra~ i~d  15 sec. 15 mine 
Manual 60 see. 60 min. 
6 , 2 . 6  Manhou 
The following assumptions are made i n  ca l cu la t ing  the  manhours 
per  wafer e 
1. Ten wafers processed together  ~ 
2. Standard processing t i m e s  given i n  previous section 
nn camera system 
Tota l  Time (hours) Time P e r  Wafer (hours) 
Artwork 10,O 1.0 
Msk Generation 8*0 . 8  
40-0 4,O 
4.0 04 
Dice Processing 32.5 3.25 
Tota l  Process Time 94-5 9.45 
6 . 3  
engineer and two technic ians  f o r  developing and opera t ing  the  labora- 
tory.  
The labora tory  engineer  is responsible  f o r  the  opera t ion  and 
superv is ion  of the  iiitcgraked c i r cu i t  laboratory.  H i s  prime func t ions  
a re :  process development, work scheduling, engineer  t r a in ing ,  design 
consul t ing  and supervis ing.  Administrative d u t i e s  of the  laboratory 
engineer  should be minimized t o  allow engineer ing t i m e  f o r  the  labora- 
t o ry  and process development. 
g ra ted  c i r c u i t  designer,  bu t  as a consul tan t  t o  o the r  design engineers  
t o  insure  t h a t  t h e i r  designs are compatible wi th  the f a b r i c a t i o n  pro- 
cesses d 
The engineer is not  t o  act  as an in t e -  
The layout and c u t t i n g  of t he  artwork w i l l  be the  r e s p o n s i b i l i t y  
of a draftsman. 
of t r a i n i n g  on the  coordinatograph. 
An experienced draftsman w i l l  r equ i r e  a minimum amount 
The deionized water system is  t o  be in ta ined  by the  bui ld ing  
One man should be given the  r e s p o n s i b i l i t y  of engineer ing department. 
regenera t ing  and maintaining the  water system. 
maintenance check is necessary;  t h e  in t eg ra t ed  c i r cu i t  laboratory per- 
sonnel should keep a log of the  water used and n o t i f y  the  bui ld ing  
engineer  when ehe system requ i r e s  regenerat ion.  
A weekly prevent ive 
6 . 4  
The schedule €or l abora tory  development i temizes  the  develog- 
ment work and the  approximate development times. "ha l abora tory  is 
not  adequate. 
p u r i t y  n i t rogen  and oxygen. 
c o n t r o l  cab ine t s  a t  the  rear of each furnace s tack .  
The gas supply system is shown i n  Pig. 6 - 5 .  
A sepa ra t e  gas s torage  a rea  is necessary t o  supply high 
The doping gas suppl ies  a r e  i n  the  gas 
Separate systems 
are needed f o r  oxygen and n i t rogen ,  The automatic switching system 
allows switching between manifolds without i n t e r r u p t i n g  the  gas flow. 
The n i t rogen  supply system has e i g h t  s t a t i o n s ,  and the  oxygen supply 
system has fou r  s t a t i o n s .  
The supply l i n e s  from the  gas s to rage  area t o  the gas con t ro l  
cab ine t s  should be i n s t a l l e d  by a cont rac tor .  
a rds  should be followed during the  i n s t a l l a t i o n  of the  l i nes .  
High p u r i t y  l i n e  stand- 
The oxygen and n i t rogen  supply l i n e s  branch out  to provide gas 
to each gas con t ro l  panel.  
Fig. 6-6. 
cabine t .  A l l  s s from gas stora Q the  furnaces  are 
f i  K. I f  
is to be used i n  o t h e r  areas, the  supply l i n e  from the  switching mani- 
f o l d  t o  the ~ r ~ ~ c h i n ~  poin 
The branching conf igura t ion  is shown i n  
The supply l i n e s  have a line r egu la to r  i n  each gas con t ro l  
should be 3 / 4  inch copper pips, type K. 
the  a i  tors are const ucted .o.f % inch 

'ersons Responsible 
'or Work 
Laboratory Supply Ordering, 
supply location 
Laboratory cleaninc and 
Gas Control Panel Plumbing 
Development of Wafer Cleaning 
process 
Development of Photoresist 
Process 
Glassware Cleaning and Furnace 
Turn- on 
Furnace Profile, (Oxidation 
and Drive- in Barrels ) 
Development of Oxidation 
Process (Steam and Dry 02) 
Diffusion Barrels, Profile 
and Doping Gas On. (Boron 
and Phosphorus ) 
Furnace System Character- 
ization and initial process 
Development (Boron and 
phosphorus ) 
Lab Engineer 
Technician No. 1 
Technician No. 1 or  
Additional Technician 
Technician No. 1 
Technician No. 1 
Technician No. 1 
Lab Engineer 
Technician No. 1 
Technician No. 1 
Lab Engineer 
Technician No. 1 
Lab Technician No. 1 
Lab Engineer 
4 
4 
1 
2 
1 
1 
2 
1 
12 
T 6-1 (Continued) 
I 
Transistor Processing 
Ehgineering Evaluation 
Lab Technician No. 
Lab Engineer 
1 
I 
Total Time 
_I_- --- -__^ I-_ _- 
2 
30 
7 3  
Work Description 
Coordinatograph Set- up 
and Operation 
Photographic Processing 
Camera Set-up and Operation 
Persons Responsible 
for Work 
Draftsman 
Technician No. 2 
Technician No. 2 
Photo Lab Technf Ian 
Technician No. 2 
Photo Lab Technician 
Time 
(Weeks ) 
Work Description 
Scribing, D i e  Bonding, Wire 
Bonding, and Packaging 
Curve Tracer Operation 
I.C. Tester Operation 
Probe S t a t i o n  Operation 
Test System Interconnection 
Persons Responsible 
for Work 
Technician NQ. 2 
Technician No. 2 
Lab Engineer 
Technician No. 2 
Technician No. 2 
Technician No. 2 
Lab Engineer 
E lec t ron ic  Technician 
Time 
(Weeks) 
Work Description 
Vacuum System Set-up and 
Operation 
Metalization Process 
Development 
J 
Total Schedule Time for 
Technician No. 2 
Persons Responsible 
for Work 
Technician No. 2 
Vacuum Facility 
Technician 
Technician No. 2 
Vacuum Facility 
Technician 
Time 
<Weeks) 
20 
!I- 
/ I 
.rl 
3 cn 
U 
4 
4J 
(d 
E 
0 
-@ 
5 
4 
P 
3 
n 
k 
0 
1 
7 3  
The b anch to each cant 03. paatel is to have a f/4 sopper pipe, type K. 
inch W’l - to . 114 inch tubing adapter .  Figure 6-7 i l l u s t r a t e s  the 
exid of the  branch Line, 
6 . 6  
The c e i l i n g  should be 
e leva ted  pipes  and f i x t u r e s ,  
lowered a s u f f i c i e n t  d i s t ance  to cover 
2lie windows should be sealed and covered 
wiirh a permanent wall; tire walls should be  p i n t ed  a l i g h t  calor that is 
e a s i l y  washed. 
The i n t e r i o r  w a l l  changes are s m n  En Fig. 6-8, The door 
between Rm. 215 and 21Sa and the  door between Rm- 215 and 2 
sea led  and covered i n  the sa  nner as the windows. The door i 
hotographic d a ~ k ~ o ~  must e Bight tight; a l l  o the r  doors in the  
laboratvry should be f i t t e d  with s 31 w i n ~ o w ~  for safe ty .  
6.6.2 
Tpne f i x t u r e s  for the  ~ l u o ~ ~ ~ c  nr_ bights should be recessed i n t o  
the ccil irng to preven% dust c o l l e c  
tintg; and i n  add i t ion  t o  white l igh t ing ,  
I11 areas should have white 
the  d i f f u s i o n  - photore- 
eist a r e a s h o u l d ~ & v ~  a  ate l i n e  si gold ~ l ~ Q r e ~ ~ ~ ~ ~  tubes that 
may be turned on i ~ ~ ~ ~ ~ ~ a ~ n t 3 . ~  of the white l igh t ing .  A 
light is located over the  counter in the  photo raphie proccssing area, 
Elale Connector 
Swagelok Part 
No. Brass 400-1-4 
Tub fng 
Ffgure 6-7 End of Branch Line in Gas Control Cabinet 
Y 
I . 4 
I t I 
J 
s cr; 
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requi re  64 ~ i ~ o ~ ~ ~ t s  of power; however, the  
p w e r  Lines should be run at 50 Bereent capaciry. The power require-  
ments QE the Laboratory are l i s t e d  below. 
Furnace chambers 128.0 K1.J 
Furnace controls  1.5 KW 
Gas c o n t r o l  cab ine t s  3*0 KW 
Pho to res i s t  l i n e  10.0 Kw 
Wafer prepag3tiQn 10.0 HW 
Ma 9 kmak ing 
Encapsulation and t e s t i n g  15.0 m 
fhximm required power 177.5 KW 
emergency power source mst be provided for t e d i f f u s i o n  furnaces ; 
lO.0 K1.J 
the  required power is 64 kilowatts. 
6.6.4 Drains 
The loca t ion  of the  required d ra ins  is  s t i o ~ n  i n  Fig. 6-9. A l l  
dra ins  shsu 1d e diemica1 r e s i s t a n t ;  the drain l i n e  for the  deionized 
water system i n  b. 216 m y  be copper. -Waste treatmnt should be 
vided t o  comply with building and c i t y  codes. 
6.6.5 Floors 
’I%e l ~ b ~ ~ a ~ o r y  floor s’k1ou1d be covared w i t h  a non-porous chela- 
icaL r e s i s t a n t  f loor  ccpve~ing, 
k 
0 
I n 
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6,6,6 Bear Sink 
A genera l  purpose s ink  is  located along the  rear wall of the  
d i f f u s i o n  - pho to res i s t  area. 
6,6.7 Sa%etv Equipment 
An eyewash and shower should be located wirlnin the d i f f u s i o n  - 
phOtQrC2SiSt ZQCXIl. d i t i o n a l  equipment such as medica1 oxygen, first 
a i d  box, gas mask, chemical p ro t ec t ive  c lo th ing ,  and a f i r e  extin- 
guisher  should also be provided i n  the  1 bora ts ry  area. 
6.6.8 Chi l led  Water System 
The V ~ C U U M  system and furnaces  require c h i l l e d  water for 
cooling; t he  furnaces  r equ i r e  6.75 gpm, and the  vacuum system. r equ i r e s  
0.35 gpm. 
g r e a t e r  t o  provide for f u t u r e  expansion. 
The c h i l l e d  water system should be r a t e d  at 12.0 gpm or 
6.6.9 Vacuum Line 
The l oca t ion  of the  vacuum f i n e  and se ice Outlets iS shown f a  
Fig, 6-10. The vacuum line is  to be constructed from 2" copper tubing 
and each service outlet is eo have a value and snap-on l i n e  connector. 
The vacuum pump must have a vacuum of 27 inches of mercury at a rate 
Of 12 cfme Th may be located ou t s ide  of the  In tegra ted  
c i r cu i t  1 ~ ~ o ~ ~ t o ~ ~  
6.6,lO F i l t e r ed  Water Service l i n e  
A service li for f i l t e r e d  water should be i n s t a l l e d  gatallel 
t o  ehe deionized water l i ne .  
I IJ 
6.6.11 
The loca t ion  of he s e rv i ce  outputs  for the  ni t rogen se 
line are shown i n  Fig. G-10. The souccc of nirrogeri may be the  
nitrogen se rv ice  Bine present ly  i n  k l i e  bui ld ing  o r  a ni t rogen  se 
l i n e  from the  new gas storage area. 
6.6.12 
An exhaust: system is  needed for the d i f f u s i o n  f u r  
, con t ro l  cabinets ,  laminar air exhaust hoods, and the chemicaB exhaust 
hood v 
6.7 
Ira the operat ion of tiie in tegra ted  c i r c u i t  laboratory a system 
for lap and staia and a system f o r  s i n t e  will be needed. It is 
recomiended t h a t  both system be b u i l t  b s Research Center. 
An inspect ion mic rosc~pe  and a four point probe are needed 
for laboratory operation. 
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~ C O ~ E D  EQUI 
Description 
Gas Supply and Automatic Switching 
Manifold System, Matheson Go. 
Nitrogen 
Central  Control Section 
S ta t ions  and Valve 
oxysen 
Central  Section 
S ta t ion  and Valve 
Cylinder Iiolder, Wall mounted 
Model No. 510 
Line Regulator, Nodel No. 40 
Male Connector, Swagelok 
Brt No. Brass 400.1-4 
Gas Supply System TOTAL 
Number 
Reauired 
Pr ice  
1 
8 
1 
4 
I2 
6 
16 
$ 185.00 
256.00 
$ 441.00 
$ 185.00 
128.30 
$ 313.00 
$ 91.20 
156.00 
13.80 
$ 261.00 
$ 1,315.00 - 
Deionized Water System, I l l i n o f s  
Water Treatment Co, 
Sand FfiEter, Model No. SC 212 1 
Carbon F i l t e r ,  Model 110. CC 212 
No. R-2104 1 
Model No. RC-700 1 
Automatic Shut-off f o r  H3-455 1 
Puri ty  Meter Eodel 233- 1 4 G Y l  1 
Nodel No. WOO 1T-26 1 
HB.455 1 
1 
Water Sof'tner, Manual, Model 
Mixed Bed , Non- regenerable,  
Additional C e l l  for Puri ty  Mter 
Two-bed Ileionizer,  Model I?o. 
200 * 00 
274.00 
209.00 
395.80 
245.00 
225.00 
110.00 
D e  script ion Humbe r Required 
Mixed-bed Deionizcr, Model No. 
m- 535 1 
Pump, re- c i r c l l h t i n g  1 
Micron F i l t e r s  2 
Pre s s ure Wag u l a t  o r s  2 
Check Valves 2 
Modification t o  Pur i ty  metes, 
switch 1 
Lap and S t a i n  
S in t e r ing  Systern 
Four P o i n t  Probe 
Inspect ion Microscople, Unitron 
Model No ,  BMKK-A4 
TOTAL 
27 
Pr ice  
$ 995.00 
362.00 
106.00 
60.00 
30.00 
20.00 
$ 5,181.00 
$ .500.00 
500.00 
500 00 
380.00 
$ 8,076.00 
The inregrated circuit aboracory has been designed to provide 
a ~ ~ n ~ t i ~ ~ ~  f a c i l i t y  f o r  integrated c ircui t  research and fabricat ion.  
TIE? '~a13orat:o>y ~o~~~~~~~~~~~ is planned to a l l m  additional expan- 
s i o n  and ~ ~ a i ~ ~ ~ a ~ ~ ~ ~ s  as e i ~ ~ ~ t  and processes change. 
F a c i l i t y  Cost: 
Photoresist  - Diffusion Area 
Phslunaking 
1 .  David Hann System 
2 .  Fly's Eye System 
He t a  Pliza t ion 
Test ing an3 E ~ c a ~ s ~ ~ ~ ~ i ~ n  
Spec i a  1 Areas 
$48, E8€. 00 
52,660.00 
18,810 0 00 
5,739.430 
5,950.00 
25,564.00 
8,07S. 00 
The variation i n  total cost is dependent on t 
systcnn used; the following totals are lisced w i t h  respece to the 
$131,136.00 
97,286 e 00 
84,2 25 e 00 
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APF'ENDIX A 
ERROR ASSOCIATED W I T H  MASM4AKIHC 
The analysis of t h e  error associated wi th  each step i n  
generation of a set of masks is  necessary t o  insure tha t  the desired 
geometrical dimensions are compatible w i t h  t h e  maskmaking 'system. 
A . l  Reduction Camera 
The reduction 
lens  t o  prevent image 
over the image plane. 
camera must use a n  extremely high qual i ty  
d is tor t ion  and t o  provide suf f ic ien t  resolution 
Focusing and camera positioning are the two 
uajor sources of e r ro r  associated w i t h  a reduction camem. 
The depth of focus, AI?, 
plane is  considered i n  focus. 
AF = 2.44 
F: focal  length of lens 
D: diameter of lens  
h: wavelength of l i g h t  
is the in te rva l  over which the  image 
The depth of focus for lenses used i n  reduction caneras is 
typ ica l ly  less than 1 m i l  a t  a wavelength of 5,500 A. A microscope 
mounted behind the image plane i s  necessary t o  focus t h e  camem and 
insure the correct reduction ratio.. 
The lens  t o  copyboard distance, U, determines the reduction 
ratio for a given lens; the reduction r a t i o  e r ro r  is direct ly  
89 
and photographed at the same temperature and humidity. 
temperature should be regulerted to - + 5%, and the relative humidity 
should be within - + 10 &. 
The room 
[Phple, 1966, p e  241 
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The rotational alignment error, Ar, i s  the maximum displacement 
error due to rotation of the stepped image. For small angles & - r8 
where 6 is the angle of rotation. 
Haag-Streit, Model No. A - 1  
with l ight  table and accessories 
Faul- Comdi 
(32" X 40") with accessories 
Consul and Mutoh, Ltd. 
Model No. CSL 3232 
Accuracy 
+ 0.0015 - 
+ 0.001 - 
+ 0.001 - 
H E ,  Debcon I1 
iiLC, Dekrzcon I11 
David mnn, Model 
No. 1503 40" X 40" 
7.1 t o  10.1 
Depends on 
Lens Purchased 
Depends on 
Lens Purchased 
13 to 25 
$ 16,300.00 * 
$ 23,485.00 * 
$ 13,900.00 * 
* Pr ice  includes backl ight  and one lens 
c 
0 
d + 
I I 
rl 
0 
v1 
2 
I 
% 
B 
0) c 
vl 
r( 
2 
5: 
\D 
c 
0 
d 
k 
2 
Q 
rl 
Id 
I c 
David Mann, Model No. 1503 
Complex 10 
David Mann, Model No. 1503 
Watson Mark I11 
Dekacon I 
Watson Mark I11 
Dekacon I 
SAR 810 
Dekacon I 
Polykon I 
David Mann, Model No. 1503 
Polykon I 
David Mann, Model No. 1503 
David Mann, Model No. 1480 
$ 22,120.00 
24,045 .OO 
26,145.00 
21 , 250.00 
34 , 186.00 
31,786 9 00 
42,000.00 
_______II(- 
and Soffa Industries, Inc. 
0.  686 
Kasper Instruments, Inc. 
Model No. 17 A 
i aectrogbs , Inc . 
IWel No. 360 
! 
i 
$ 8,445.00 
$ 5,836.00 
$ 12,280.00 
"".- 
Tr ip le  chamber d i f fus ion  
furnace 
Water cooling units 
Gas con t ro l  cabinets  
Laminar flow load s t a t i o n  
TABU B-6 
FURMACE SYSTEM 
Furnace System 
BTU Engineering Corporation 
Secies:  D Z L H  
.EPectroglas, Inc  . 
Series:  Model No. 35 
Centigrade System, Inc. 
Se r i e s  : 68 Diffusion Furnace 
2 
3 
3 
1 
Price  
$ 27,675.00 
m i l s  x 90 m3.h i f  a 10 m i l  wide path i s  le f t  for chip separation. 
Other l e n s e s  are ava i lab le  with l e n s  
4,000 lenses/ in*.  
The i n i t i a l  camera design i s  
designed with heavy structural steel 
alignment. 
d e n s i t i e s  from 100 lenses/ in2 to 
s h w n  i n  Figure C - 1 .  The frame iar 
t o  prevent vibration and m i s -  
k 
Q) 
0 
X 
a 
i2 
a 
r! 
d 
cost of' mask gener 
a1 price of the equipment or ad 
t price of labor is  aasumed to be $5.00 per hour. 
Rubylith, 4j sheets $ 10.00 
Labor, 10 hours 
TOTAL 
Commercially &@de Masks 
50.00 
$ 60.00 
Artwork (cut a t  Ames Research Center) $ 60.00 
Five Masks 430.00 
TOTAL $4go*Oo 
Mann Camera System 
$ 60.00 
5.00 
I 40.00 
5.00 
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